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Description 

This invention relates to the isolation and purification of a polypeptide growth factorfrom milk, to synergistic 
mixtures and pharmaceutical, cosmetic and food compositions comprising it. and to the uses thereof for the 
promotion and acceleration of wound healing and tissue repair, the suppression of immune responses, the treat- 
ment of cancer and the stimulation of growth of mammals and cell structures. This polypept.de will be referred 

to herein as Milk Growth Factor (MGF). 

Growth factors can be defined as polypeptides that stimulate cell growth and preparation at very low con- 
centrations through specific, high-affinity cell surface receptors. This action produces other intracellular signals 
which result in nutrient uptake. DNA synthesis and cell division, and which eventually lead to tissue growth. 
Growth factors have been found in a variety of body tissues and fluids. In both the adult and the embryo and 
are now believed to be released by most, if not all, cells in culture (see review by Goustin. A.S. etal. (1986). 
Cancer Research 48, 1 01 5). As such, growth factors do not usually function in an endocrine manner but pre- 
sumably diffuse over short distances through Inter-cellular spaces, or act in an autocrine or paracrine fashion. 

Milk is one such body fluid that contains factors which stimulate cell growth in culture. A vanety of cell types 
including epithelial cells, normal and transformed fibroblasts, smooth muscle cells and chondrocytes have been 
shown to proliferate in blood serum-free, milk-supplemented culture medium (Klagsbrun. M. (1980). J Cell Biol.. 
84, 808; Steimer. K.S. and Klagsbrun. M. (1981). J.Cell Biol.. 88. 294; Sereni. A and Baserga. R. (1981). Cel 
Biol Int Rep.. 5, 338). Such activity has been found in milk and colostrum (the milk expressed dunng the first 
few days post p~artum) obtained from human (Klagsbrun. M. (1978) Proc. NatJ. Acad. Scl. USA 7§, 5057.) and 
bovine sources (Steimer. K.S. etal- (1981). J.Cell Physiol.. 109. 223.) In recent years, a number of growth fac- 
tors have been isolated from milk and purified to homogeneity In an attempt to characterise their structure and 

bi °' OnTofttetariiestand better characterised growthfactors is Epidermal Growth Factor (EGF). a polypeptide 
with a molecular weight of about 6kd and which has growth and proliferative effects on a variety of ceUs and 
tissues both in vitro and In vivo. EGF. has also been shown to be the major growth promoting agent Inhuman 
ml,k(CarpenteT^(1980lic7ence. 210, 198; Petrides. P.E. etal.. (1985). FEBS Lettered ^^vlnemnk 
(Yagl. H. etal.. (1986). Acta.Scand.Paed. 75, 233). and murine milk (Beardmore. J.M. and Richards, R.C.. 

0 98 Two fectorfwtth t£ name of Mammary Derived Growth Factor (MDGF) have also been Isolated from milk. 
Human MDGF-I is a reducing agent-sensitive polypeptide with a molecular weight of about 62kd and an iso- 
electric point (pi) of 4.8 (Banc. M. etal.. (1985) J.Biol.Chem. 260. 5745). At plcomdar levels It stimulates the 
growth oTmaUary cells and enhances their leveis of collagen production. MDGF-II is ^^eto d^ui- 
phlde reducing agents, however, has a lower molecular weight of about 17kd and a pi of 4.4 (Zwiebel. J.A et 
35 al., (1986). Cancer Research. 46. 933). Using high Ionic strength eluting buffers. MDGF-II can to^vedfrom 
human EGF on a TSK-3000SW gel filtration column although It still competes with radiolabeled 1*I-EGF for 
binding to the EGF receptor on A431 human epidermoid carcinoma cell membranes. MDGF-ll also stimulates 
the anchorage independent growth of Normal Rat Kidney (NRK) cells in soft agar, the defining characterise 
of a Transforming Growth Factor (TGF) . and it seems probable that MDGF-II belongs to the TOF^a ramPy since 
40 molecules of the larger TGFJ) type do not bind to the EGF receptor. 

It has also been reported that human milk and bovine milk contain different sets of growth factors. Shing 
and Klagsbrun (1984. Endocrinol.. 115, 273) have isblsted three species of growth factor from human mi k. 
which have been named HMGF-I. HMGF-II and HMGF-III. HMGF-III appears to constitute over 75 % of the total 
growth factor activity of human milk as measured by DNA synthesis. HMGF-III has a molecular weight of about 
45 6kd. a pi of 4.4^.7. and Is Insensitive to treatment with reducing agents. Comparative studies have suggested 
that this molecule is probably EGF. Using the same separation procedures, these workers also showed thet 
bovine colostrum lacks this molecule although it does have a major growth factor component which has a 
molecular weight of 30-35 kd and Is inactivated by treatment with reducing agents. This so-called Bovine Col- 
ostrum Growth Factor (BCGF) is biochemically similar to HMGF-II. another molecule which accounts for 
so approximately 20% of the total growth factor activity of human milk. 

A Colony Stimulating Factor (CSF) which stimulates In vitro bone marrow cell proliferation and which 
causes the differentiation of Colony Forming Granulocytic Macrophage pro-genltor cells (CFU-GM) has also 
been Isolated from human milk(Slnha. S.K and Yunls. AA (1983). Blochem. Blophys. Res.Comm. 114. 797). 
This factor, which is absent in bovine milk or colostrum. Is also insensitive to the action of reoucing agents. j3el 
55 filtration and isoelectric focussing experiments have Indicated that it is biochemically distinct from other CSF s 
and has a molecular weight of 240-250 kd and a pi of 4.4-4.9. ,_.. « «. 

There are a number of other growth factors or related factors which are to be mentioned in connecton with 
the present invention which were derived from sources other than milk. 
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Human platelet human placenta and bovine kidney derived TGF-0 molecules are described In International 
Patent Application W084/01 106 and EP 0128849. Patent No. EP- 0169016 and USP 4.627.982 reports the par- 
tial purification of two proteins from bovine demoralized bone (CIF-A and CIF-B), which are co-factors for 
inducing cartilage formation. CIF-B (TGF-02) had been found to inhibit inflammatory cell function in vivo (EP 
21 3 776) and to have an inhibiting effect in vitro on the proliferation of tumour cells (EP 271 21 1 ). Bolhofthese 
so-called Cartilage Inducing Factors are active when combined with EGF In the TGF-0 assay. One of their fac- 
tors (CIF-A) has an N-terminal sequence which is identical over the first thirty amino acids to that of human 
placenta derived TGF-0, but which is significantly different to that of CIF-B [see also review articles by Scorn 
M. (1986), Science, 233, 532, and Massague, J., Cell 49, 437^38 (1987)]. ' 

CIF-B [Seyedin, S.M. etal., (1987) J.Biol.Chem. 262: 1946; EP 169016] is similar, if not identical to two 
other recently reported growth factors. Cheifetz, S. etal., (1987) Cell, 48: 409) have described a factor which 
they have isolated from porcine platelets and which they have designated TGF-02, since it has a different N- 
terminal amino acid sequence to the original porcine TGF-8 (now being designated TGF-01 in the scientific 
literature) isolated from the same source. More recently Wrann, M. etal., (1 987) EMBO J. 6: 1 633) have isolated 
a factor from human glioblastoma cells which is immunosuppressive for T-lymphocytes and is designated G- 
TsF. CIF-B, TGF-02 and G-TsF have the same amino acid sequence at the N-terminal up to amino acid 19 
CIF-B and TGF-02 have the same molecular weight of about 26 kd, whereas G-TsF has a molecular weight of 
1 2.5 kd. A human TGF type 02 (hTGF-02) with a molecular weight of 24 kd, and consisting of two disulfide-linked 
apparently identical polypeptide chains, isolated from the tamoxifen-supplemented human prostatic adenocar- 
cinoma cell line,, has been described by Marquardt, H. et al., J.Biol.Chem., 262. 12127-12131 (1 987) and Ikeda 
T. etal., Biochem. 26, 2406-2410 (1987). . 

A growth Inhibitor BSC-1 Gl, named polyergin, obtained from BSC-1 African green monkey kidney cells 
was identified and purified by R.W. Holley et al., Proc. Natl. Acad. Scl. USA, Vol. 75. pp. 1864-1866 (1978)' 
and R.W. Holley et al., ibid. Vol. 77. pp. 5989-5992 (1980). It was shown by R.F. Tucker etal.. Science VoT 
226, 705-707 (1984) to have nearly identical biological activity with TGF-01 and by H.J. Ristow Ibid Vol 83 
pp. 5531-5533 (1986) to be a strong inhibitor of thymocyte proliferation. The amino acid sequence of BSC-1 
Gl, as deduced from the cDNA fron a BSC-1 cell cDNA library, was recently found to be Identical to the amino 
acid sequence of TGF-02 [S.K. Hanks etal.. Proc. Natl. Scl. USA. Vol. 85, pp. 79-82 (1988)]. 
These growth factors hitherto have not been shown to be present in milk. 

Although a number of polypeptide growth factors have already been Isolated, characterised and cloned 
% there have been few studies on the activity of these materials in vivo , mainly because of the relatively small 
^ amounts available for such experiments. An Important indication area for the potential application of the present 
growth factor is the enhancement of wound healing. Despite the many preparations available for the treatment 
of wounds there are still large numbers of patients, particularly the elderly, with wounds (including trauma 
35 burns, decubitus and diabetic ulcers) that either heal slowly or fail to heal at all. Such patients present a sig- 
nificant worthwhile target group for a pharmaceutical preparation which would promote and accelerate the 
wound healing process. Types of small wounds are those in the mouth, especially of the gum, and also those 
causede.g. by a razor blade In the face or other parts of the body surface. Stimulation ofthe growth of mammals 
such as in the treatment of dwarfism, and of cell cultures in vitro are also possibilities for the use of the present 
40 growth factor. 

Surprisingly the present growth factor contains also suppressing activites on certain types of cells, namely 
those of the immune system arid also of cancer cells. 

It Is quite obvious that a continuous need for the treatment of these indications exists. 

45 Object of the present invention 

The object of the present invention is to make available a polypeptide growth factor found in milk which is 
named "Milk Growth Factor- or "MGF", a process for its enrichment, recovery and purification, pharmaceutical 
cosmetic and food compositions comprising it, and their uses for promoting cell proliferation, migration and tis^ 
so sue repair in mammals. ~ 

Further objects are the use of the present growth factor for the manufacture of a composition to suppress 
the Immune responses and the proliferation of cancer cells. 

A stQI further object is the stimulation of the growth and proliferation of cells in vitro . 

A further object is to provide synergistic mixtures comprising the growth factor and an activating agent 
55 This Invention concerns a Milk Growth Factor (MGF) in In 10* to over 10? times enriched and pure form 

characterised In that it is obtainable from m8k or milk products, having a molecular point of between pi 9 0 and 
10.5, or a salt thereof. 

By the term "Milk Growth Factor" (MGF) as used herein is intended any 1 0* to over 1 07 enriched or purified. 
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also partially purified state of this factor. This factor may have a purity up to 100 %. The MGF is essentially 
fr^ erf father arowth factors which may be found in milk and having a lower or higher molecular weight and a 
lit^ HK6kd). MDGFI (62kd). MDGFII (17kd). BCGF (30 - 35kd) or CSF (240 - 

^particular the present invention concerns the MGF from bovine milk in its essentially purified form having 
the following amino acid composition 



Amino Acid 



Amino Acids /Mole 
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GLU + 

SER 

THR 

GLY 

ALA 
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PRO 

VAL 

MET 
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LEU 

TRP 

PHE 

CYS 

LYS v 
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TYR 



ASN 
GLN 



a) 


b) 


21.10 


20 


24.68 


24 


19.00 


18 


10.02 


10 


10.62 


10 


14.64 


14 


9.50 


10 


12.92 


12 


10.68 


10 


0.16 


2 


11.04 


10 


22.40 


22 


not determined 




7.78 


8 


11.16 


12 


16.14 


16 


5.84 


6 


13.38 


14 



la): moles amino acid per mol peptide; b) t rounded to give amino acid 
residues per mol peptide] 
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and the following N-terminal amino acid sequence 



AO 



1 5 *° 1 17 

Ala-Leu-Aap-Ala-Ala-Tyr-Cys-Phe-Arg-Asn-Val-Gln-Asp-Aan-Cys-Cys-X 1 - 



19 

-X l8 -Pro t 



45 



50 



55 



wherein X 17 and X 18 are undetermined amino acids, or a salt thereof. 

The molecular weight is determined by Sodium Dodecy. Sulpha^Polya^am^ ^lec^Pho^te 
(SDS-PAGE) according to the method of Laemmll. U.K. (1970) Nature. 22L 680 ™° is ,^^ 
mined by the method outlined by Burk, R.R. (1980) in -Control Mechanisms in An.mal Cells- PPj^Z Raven 
p ' ^w York. The cationic nature of this polypeptide is due to the presence of basic amino acid groups 
LTaJ ^gininTlys^eTnd histidine. MGF is aheat-sUble. acid-stable polypeptide which is sensitive to reduc- 
ing aa^^^ dithiothreitol and the salts thereof. Treatment of MGF with such agents 

similar or identical sub-unte each of 12.5 kdln s^ich are 
presumably held together by one or more cystein disulfide bonds and which become cleaved on treatment w.th 

*" TllloDse^ation that MGF does not appear to be species specific In its action in P^^S^ 

and proliferation supports the hypothesis that the said molecule is highly conserved among the 

Silian species and ^therefore expected to be substantially homologous with other molecules of this family. 
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In this respect the term 'substantially homologous' as applied to a polypeptide, refers to those molecules 
whether native, synthetic or recombinant^ produced, regardless of species or origin, that have the same amino 
acid sequence as MGF. and polypeptides of substantially homologous but different amino acid sequence 
whose differences do not affect cross species activity in an adverse fashion. Accordingly the polypeptide of 
this invention. MGF. originally isolated from cow's milk, may well be derived from milks of diverse mammalian 
orig n or made by recombinant DNA technology. Cow milk Is a preferred native source of MGF since it is readily 
available in large quantities thereby unrestricting the amount of factor that can be produced using the outlined 
purification procedures. 

For analytical purposes samples of homogenous MGF (50-100 pmol) were taken to dryness and hydrolysed 
in sealed, evacuated tubes at 150°Cfor2 hours in 100 pi constant boiling 6N HCI containing 0.1 % liquid phenol 
Half-cystelne and methionine were determined by performlc acid oxidation followed by acid hydrolysis Anal- 
yses of o-phthalaldehyde derivatives of the amino acids weredone on a modified amino acid analyzer equipped 
with a fluorimeter and computing integrator. "Happen 

Dallon** " Umber ° f a ™ ,n ° 8Cld r6SidUeS per mole * MGF is based on an a PParent molecular weight of 25000 
For amino-terminal sequence analysis. 500 picomoles <M r 25.000) of MGF were reduced and S-car- 
boxymettiylated with dithiothreltol and iodo-[i<C]acetic acid In the presence of 6M guanldlne-HCI In IM Tris-HCI 
buffer, P H 8.4. Excess reagents were separated from carboxymethylated protein by HLPC on a 5 urn (micron) 
50 x 4.6 mm column eluted with a gradient of 0-90 % acetonitrile (1 % per min) in 0.1 % TFA. Overall recovery 
of ttieprocedure was 96%. based on estimating the amount of protein by amino acid analysis using fluoresceine 

Q6I8CuOn> 

Automated Edman degradation was performed on 500 pmoles (M r 1 2.500) of the S-carboxymethvlated pro- 
tein with a gas-phase sequencer. PHT-amino acids were Identified usingan HLPC system. Initial yield was 30 
% and repetitive yield 90 %. The results Indicate that the sequence of at least the first nineteen N-termlnal amino 
acWs of each of the two subunits of MGF are Identical and confirm the observations of a single protein band 
of the reduced form of MGF by SDS-PAGE. 

Analysis of bovine MGF by SDS-PAGE suggests that some of the disulphide bonds are interchain 
n view of Its basic groups the new growth factor can form acid addition salts with Inorganic or organic acids 
For the purpose of purification water and/or alcohol insoluble salts are envisaged, such as the tetra-phenyibo^ 
rate, Ca-, AI-, and Zn -salts. 

For pharmaceutical purposes pharmaceutical^ acceptable salts are contemplated, such as water soluble 
metal or ammonium salts, especially alkali metal or alkaline earth metal salts, e.g. sodium salts, potassium salt 
magnesium salt or calcium salt, or ammonium salts with ammonia or a suitable organic amine. Preferred are 
acid addition salts with an inorganic acid, for example hydrochloric acid, sulfuric acid, or phosphoric acid or 
within organic acid, especially an organic carbonic or sulfonic acid, for example a lower alkane carboxylic or 
dicarboxytic acid. e.g. formic or acetic acid, citric acid, or trifluoroacetlc. 

The MGF of the present Invention is further defined by Its biological properties. 

The growth promoting activities of MGF in its various states of purification are determined according to the 
nKS? d l f r !°1 **• (1973) ProcNaa - Acad.Scl.USA 70: 369. which measures the number of norroal 
Balb/C 3T3 fibroblast cells (or strains derived therefrom) that migrate into a -wounded' monolayer culture of the 
said cells, the presence of a seram-free medium containing MGF. as compared to the number of cells that 
migrate In the absence of MGF or any other known polypeptide growth factor. 

* . ?^ rea P° nse experiments using the said method have shown that concentrations of the completely puri- 
fied MGF as low as 40 ± 35 pteogrammes per milliliter of culture medium are sufficient to elicit 50 % of the 
maximal migratory response. This concentration of MGF elicits also 50 % of the maximal migratory response 
in the said assay when a human skin epithelial cell line (NCTC 2544) is used as the indicator cell type 

MGF Is further characterised by its stimulating activity on cellular DNA synthesis and cell division apparent 
in the said monolayer cultures when observed under the light microscope. This activity was quantified by either 

a) counting the number of cell nuclei, in any given field of view, in cultures of the said cells grown in the 
presence of serum-free medium containing MGF, as compared to the number of cell nuclei counted. In any 
given field, in cultures grown in the absence of MGF or any other known polypeptide growth factor 

b) measuring the amount of radio-labelled PH]-thymldine uptake in cultures of the said cells grown In the 
presence of serum-free medium containing MGF. as compared to the amount of PHJ-thymldlne uptake in 
cultures grown in the absence of MGF or any other known polypeptide growth factor 

The growth promoting activity of MGF is only a property of the 25 kd dimeric form of the molecule. This 
activity can be recovered in the supernatant eluates from gel slices containing the said dimer. following SDS- 
PAGE and overnight elution in 50 millimolar formic acid under an atmosphere of nitrogen. No activity could be 
recovered In eluates from the gel slices containing the 1Z5 kd monomer form. The growth promoting activity 
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of MGF is also apparent when tested in cell cultures of a mammalian origin and type other than the sak I Balb/c 
3T3 fibroblast type, suggesting that the growth promoting response to MGF derived from bov.ne milk Is not 

in an assay for the in vitro induction of Anchorage Independent Growth of Normal Rat Kidney (NRK) cells m 
softag^Robe^AXetai., (1981) Proc.Na«. Acad. Sci.USA 78: 5339). This assay to sometimes referred to 
at ^he 9 Transfom5ng Growth" Factdriype Beta (TGF-B) assay since TGF-B (unlike ^^^SS 
with EGF for binding to membrane receptor sites, but does require the occupancy of their other a^ng 
Tgenf receptor site? for the Induction of cell colonies. In this regard, the presence , In mHk of 1^ *«« 
such a synergistic action with EGF in the said assay has not been previously reported. MGF alone is not suf- 
ficien I to induce the formation of large colonies of NRK cells in soft agar but will only do so in the presence of 
murine EGF l^the presen ce of a concentration of EGF (5 ng mH) which alone Is Insufficient to cause a notice- 
S3e effect in this assay. MGF induces large colony formation when added overa concentration range of from 

°" 1 AlSSigh Jcomolar concentrations of MGF are enough to promote the migration and f™ 1 ^"^"^' 
Balb/C 3T3 fibroblast cells invftro, a synergistic response occurs in the presence of murine EGF. In the _assay 
H«^rih«rt huBOrk. R R. fl973Tproc Nati.Acad.Scl.USA 70: 369. the maximal migratory response to MGF (over 
t^S^^S^^^ in the pTesence of 3.16 ng/m. murine EGF has been shown 
to be up to 30 times higher than in the absence of EGF. . ^ 

This invention concerns also a combination, espedally a synergistic comblnatton of MGF and an^ 
tide wSch exerts an agonistic effect by binding to EGF receptor: Such a polypeptide is. bes.des EGF teeM 
for ;x^mple TGF-o. sJch a combination Is especially useful for toasting deeper wounds, such as caused by 
heaw accidents or surgery. Preferred Is an equlmolar combination of MGF and EGF. 
•^B£S£ "conSns also a processfor the preparation of a Milk MM <^""^J^ 
characterised in that MGF is recovered from m»k or any milk product contalntog it and when required trans- 
forming an obtainable free MGF into a salt or an obtainable salt into toe free MGF. 

The present growth factor is recovered by conventional methods from any source of fresh mBk ormilk pro- 
duct Staining i? Preferred sources of MGF are especially milk or milk products In particutar ofbovWs e£ 
c£s "oats, or sheep. Another source is commercially available mB k powder, such as dned skimmed m.lk pow- 



30 der. 



dfir " More specifically, the growth factor is recovered by subjecting the milk source to various chr^atographic 
methods Sally such as cation exchange chromatography, hydrophobic Interaction chromatography, size 
^nrhremZUy. Polyacryiamide'ge. e.e^ 

ees. Advantageously a protease Inhibitor, such as phenyl methanesulfonyl fluoride, is added to the MGF con- 



35 talni ^^^ es8 fof |80 , atj MGF torn fresh bovine milk is characterised e.g. by catton-exchange 
^^^.^rop^cl^er^ chromatography, and siz~xc.us.on <*™^™^^^* 
Snaton of ooto low pressure and high pressure techniques. Sample fractions collected from , each s ubse- 
£ent separation step, and which show biological activity In the said cel. migration assay ^Balbfo 3T3 ^oell* 
are cooled and forwarded to the next separation step. Sample material from each of the pooled fractions are 
s^bjecte?to a doTreiponse analysis (using the same btoassay method on ^^^^J^S 
for estimation of the volume of material required to elicit 50 % of the maximal migratory response. This said 
Sum^ hlre?y defined as 'one unf and using this value, together with the values for »evf ™ °'™ te «J 
in each active pool, the purification yields, recoveries and specific activity at each stepof toe process can be 
calculated. Homogeneity of the pure MGF from the final purification step is demonstrated by. 
i) Constant specific activity ev- 
il) Migration as a single band of approximately 25-26kd following SDS-PAGE 
iii) Constant Amino Acid Composition 

. In^rS^ 

aqueous suspension of the milk powder with a cation-exchange resin washing the resto ^-tiitoe factor 
Wtth a buffer system of pH 7.0 sodium dihydrogen phosphate (10 mM). eluting the factor frorn theresln wrth i a 
Se? s^ consisting of potassium dihydrogen phosphate (20 mM) in 40 % ethano.. of pH 7.6 subjecting 
particular In the form of an acid addition salt thereof, to hydrophobic Interaction chroma^ra^y ^ex^ 

« £s to n^rematography and polyacry.am.de ge. electrophoresis, and ^'^^^^"J 

and if desired transforming the obtained grewth factor in the form of toe base into a salt, or transforming the 
orowth factor obtained In the form of a salt into the free base or into another aalt 

Before the chromatography the milk or milk powder may be freed from fat and other unpolar material, e.g. 
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by extracting with an unpolar organic solvent, such as methylenechloride. or in the case of the milk oowder 
with acetone. Ma „ di(uted ln di3tiI|ed watef jf) fl ^ ^ ^ rf ^ ^ 1;1 o ; 

1to10%7we P igh^^^ 

For the cation exchange chromatography any suitable cation exchange resin may be used for examole 

TT*" Amberi ' te ' R SerieS re8inS ' ZeOCart> ^ ° ,al0n SK rSs ZT^G 

«n Zt^Z " eX ^!, n9e ? the f0rm ° f axchan 9eable countergroups bound to solid mamx supports 

(.n the form of discs or cartridges) may also be used, for example Zetaprep 3P series cation exchangers 

A preferred catton exchange resin Is Dowex AG SOW X2 50-100 mesh. The resin may be washed before 
use w,th acetone ethanol and/or water. After loading with a cation, for example an alkali metal caUoTsuchas 
s^ium or potassium, by treatment with the corresponding metal hydroxide, e.g. alkali metal hydroxide, the resin 
tewashed neutral and is ttren equilibrated to a pH 7.0 with a suitable low Ionic strength buffer, preferably a 
sodium d.hydrogen phosphate buffer (10 mM). The fresh or reconstituted milk is adjusted to the same pH with 
the same alkali metal hydroxide and Is then brought Into contact with the resin. The loaded resin Is washed 
at ^ar) 8 Same ^1^^ ^f* un *" *° e was ' 1 ' n 9 19 tree °f polypeptide, l.e. until the base line of the opticaklensfty 

2 hS, h r„.i Z Tf , T"* ^ '* ,hen e,Ut8d an metal salt aqueous buffer solution 

of high tonic strength In particular with potassium acetate (700 mM) in the presence of 40% ethanol. et pH 7 6 
The fractions exhibiting the desired activity are pooled and, if desired, concentrated by evaporation About 10 
% of the initial acittvity is obtained with a 1000 fold increase in specific activity 

un J^l^J^T "£ J ?? ,d to W m t> hoblc interaction chromatography on a resin consisting of an 
uncharged matnx which supports interactive hydrophobic groups. Any suitable resin may be used, for example 
phenyl sepharose or octyl sepharose. A preferred hydrophobic Interaction resin is phenyl sepharose CL-4B 
. , Be 7r !U° Ph f I* sepharose ,s generated by consecutive washings with an alcohol, e.g. with n-bu- 
tand and ethanol, and then with water. The pooled fractions from the Dowex chromatography are applied to 

ri P * ny ? ep ^ ST ^ direCtly 8t " T,n9 tne res,n ' oveml 9 ht - lnto Pool- The resin Is then loaded 
onto the column which is washed with 0.6 M ammonium acetate pH 5.0 followed by a step gradient with a rising 
amount of ethanol. e.g. from 28 % to 40% In the same solvent pH 5.0 whteh is sufficient to elute the deSed 

TH , e "S? f T° ti0 l nS 01 the phenyl sepharose hydrophobic interaction chromatography step are pooled, and 
either lyophilised and redlssolved in a small amount of a high Ionic strength buffer solution, for example 2M 
ammonium acetate at pH 5.5. or directly applied to a butyhpolyol hydrophobic Interaction chromatography col- 
umn which forms the first active component of a high performance liquid chromatography (HPLC) system The 
oolumnl Is washed with the same buffer, followed by a linear gradient with a rising amountof ethanol for example 
20-25 %. which is sufficient to elute the desired activity. «*umpie 
35 The active fractions of the butyl-polyol hydrophobic interaction chromatography step are pooled, admixed 

with a larger, preferably equal volume of the same solvent buffer, namely 2M ammonium acetate at pH 5 5 
and applied to an octyl-polyol hydrophobic interaction chromatography column which forms the second active 
component of an HPLC system. The column is washed with the same buffer followed by a linear gradient with 
a rising amount of ethanol, for example 40-45 %. which is sufficient to elute the desired activity 
40 volumT SlSHS^ ? ^ ^"^hydrophobic step are i*** 6 * 'y°PhUised and redissdved In a small 
Th h V m° iiflf b , Uff8r SOlUtl0n listing of 7 parte 60 % ethanol to 3 parts 2M ammonium ace- 

Sm^- subjected tosize-excluslon chromatography on a TSK G2000 SW column which forms the 

third active component of an HPLC system. The eluUon process is performed under isocratic elution conditions 

« "S^IT^ SOm0n • a " d fraCtl0nS «****■» the activity are pooled, lyophilised and stored at 
*o •zu v u until further use. 

„„JL ne obtained growth factor migrates as a single band with a molecular weight of 25-26kd according toSDS- 
PAGE, and may be from 95% up to 100 % pure. 

''required further purification of the flrowth factor can be achieved by oneor more of above chromatograplc 
methods or othermethods applied in the art of polypeptide purification, such as countercurrent distribution elec- 
so bofocusslng. chromatofocusslng. dialysis, salt and solvent precipitation, adsorption with other gels, cellulose 
^IZJT^Z^T^^ on Porous glass beads, or chromatography 

An obtained free MGF. that Is in the form of an inner salt, may be treated with an acid or a base to form 
die desired salt or an obtained salt may be transformed into thefree base or Into another salt by methods known 
In the art. especially with aid of Ion exchange resins loaded with the desired anion 

. T ne ^f" 06 ^ fl , ro * th factor ,n 106 various fracUon8 durin fl 'ts Purification can be checked by measur- 
ELTVSS J? f? T aspec,a "y °y determining the various properties by which It is character- 
ised. A preferred method Is the determination of the cell migration stimulating properties of the fractions 
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according to the Migration Assay of BOrk. R.R. (1973) Prcc.Nati.Acad.Sci.USA ffl f " X J2Z2SZ nino 
derivative of Balb/C 3T3 cells clone A31 are seeded in 2.5ml of Dulbeooo.mod^^ .m^o^J^ 
10 % calf serumin 35 mm plastic petri dishes (Nunc). After 3 days at 37'C. a wound is made in the confluent 
prcTng'a sterile razor blade onto the bottom of the dish to cut the cel. sheet and to mark 

8 '* ^eSade is gentiy moved to the side to remove part of this sheet. The fluid medium and the .cel. debrU , is 
removed by suction and replaced by 2.5 ml of Eagle's medium without serum, followed by an apprcpnate 
Zlfof the fraction coning the growth factor to be tested. After 22 hours at 37-C room 
cells are fixed and stained with Leishmann's solution. Migration activity Is defined as the number of cells cros- 
aino 1 mm of the 'start line' made by the razor blade. 

The^resent Invention concerns further a pharmaceutical composition comprising an effective amount of 
a Milk Growth Factor or a pharmaceutical^ acceptable salt thereof In dosage unit form. 

Such composition is in the form of infusion solutions or preparations for parenteral, for example mtramua- 
cularor intravenous, oral, or especially for local. I.e. topical, administration, respectively. The solutions are pref- 
eTbly isotonic aqueous solutions or suspensions which can be prepared before use. for example torn 
ZpM preparations which contain the active ingredient alone or together with a pha^eutc^^accept- 
a^canlerS^ 

ner anTmay contain in addition to the active ingredient physiological saline a staler, such as humar .serum 
Xfmin. amino acids, such as arginine or glycine, and a carbohydrate, euch as gU,cos*j to 
hydroxyethyl starch. The pH may be adjusted with a buffer. e.g. a phosphate, succinate or an amino acid to 
4 5 to 7. Usually the vials are filled with the solution and lyophllized for longer storage. fnr 
Mouth wash solutions are also prepared in conventional manner. They contain the active ingredient for 
•JS^rt^L* or aqueous ethanol. e.g. of 30 to 60 %. and may contain usual additives, such as 
rpTyettiSSooi glycerin, and an etherical oil. e.g. mint oil. for improving the teste The Pharma^uhcal 
Pre^Sna for topical use comprise powders, cremes. Induding toothpastes, chewing A"*"** or 
tiTctores which are likewise prepared in a conventional manner. Powders are conventionally cons.st.ng of tele 
and tiTe acTve in^dtent and'op^nal.y other additives, such as stabilizers and fragrances, ^ ^b^ 
ments are of conventional nature and may comprise a stearate. such as sorbttan « f^*"^™ 1 
mlnostearate an oleate. such as sorbitan trioleate, an alcohol, such as cetyl alcohol, or propylene^glycol. a 
SSSZ wax,such as lanolin, a powder, such a magnesium sulphate, or for a toothpaste a 
conventional cleansing powder, or preservatives. ,^_, m «„ nh9r 

Solid dosageformsfor buccal or pharyngeal administration can be '~ en f 8 P re ^ u8,nfl m ^^ n " 
maceutical excTpients e.g. a) diluents and lozenge bases such as surcrose. dexfrose. lactose mann .to I orsor- 
StoTb) blnderssuch as starch paste. gelatin, polyvinylpynoildone. hydroxyprcpyi methylce lulose. Jlubricante 
such as magnesium or calcium stearates. stearic acid, talc or hydrogenated vegetable oils and if desired d) 
cXanU TSvours. or sweeteners. Alternatively, pastilles made with a basis of gelatin and glycerol or a mature 
nf Acacia and suaar can be used for slow dissolution In the mouth. 

?o id SoigefonSforora. Ingestion by swallowing can be tablets or gelatin capsules J"^«" b ^ 
is foliated wKh appropriate common pharmaceutical excipiente and additives e.g. for tablete a) di uente such 
l^ZTta* SuSL. sorbitoi. calcium phosphates or ca.cium sulphate, b) binders such as Mp^ 
g*S pdyvlnylpynolldone. hydroxyprcpyi methyloellulose or other suitable cellulose ^^SSS. 
Sch , as starch Sodium starch glycolate. sodium carboxymethylcellulose. crospovldone. d) lubricants and fllid- 
ante or Jim stearates. stearic acid. talc, colloidal silicon dioxide, hydrogenated veget- 

al oils iTSad. e) surfactente such as sodium lauryl sulphate, or colorants. Tablet cores may be 
prctlS Sh . sutaWe coating which may or may not be resistant to gastric fluid. The outer coate may be 
^lastd o^rconstitute L films based on cellulose ethers or acrylic ™^^™«™ n J°Z ™ 
Zg concentrated Isugar syrups and coating suspensions containing common coating iagredtente such astelc 
Dd^nvlDyrrolidone. polyethylene glycols and dyestuffs or pigments. Film-coats are preferentially app .ed as 
£u~uss^ 

olasticizers such as polyethylene glycol, antiadherents such as talc, colour pigments and opacifiers such as 
CESo^a*^ oxides. Interic coatings are obtained with lacquer solutions of polymers which are 
£Z£ Tin gasSc fluid but soluble In Intestinal fluid, e.g. cellulose acetete. phthalate or methacrylic acid 

"^^Z^Z^u** fabricated hard ge.atin shells to be filled witi, the drug '—oner using 
soft gelatin shells formed and sealed during the filling process frcm a mixture of gelatin and as^nlng agent 
such as glycerin or eorbitol. The hard gelatin capsules may contain powder mixtures formulated w.th dfluente 
fuhri«^te and alWants as mentioned for tablets under a) and d) or may be granulates with Ingredients s.m.lar 
S tSotJus^fS ^m^sTTlnto tablets and mentioned above under a)-d). Alternatively the hard gelatin cap- 
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sules may contain liquids, pastes or solid masses with the active substance dissolved or dispersed In suitable 

ZUr h SUCh M POlyethy,ene fl'y 00 ' 3 ' tettv oi,s « POlyoxyethylated glyceride derivatives, if 

required with thickening agents such as waxes or colloidal silicon dioxide and/or surfactants such as polysor- 
bates In softcapsules the active ingredient is preferably dissolved or suspended In suitable liquids such as 
fatty oifa paraffins or polyethlyene glycols. The active substance can also be incorporated into small pellets to 
constitute a multiple-unit dosage form for oral ingestion. Distribution of the drug among the pellets may be 
attained by spraying a solution or suspension onto the surface of prepared pellets or by forming pellets from a 
mixture contain.ng the drug and appropriate diluents. For surface application, pellets may be commercially 
available non-paren sugar spheres containing sugar and starch, or may be produced by extrusion andspheron£ 
sation using excipients such as microcrystalline cellulose and lactose wet massed with water. The latterprocess 
can be used to Incorporate the drug within the pellets. Pellets may be coated with protective or release-regulat- 
ing aquers using polymers such as ethylcellulose. polymethacrylate resins, or cellulose acetate phthalate 
applied as solutions In organic solvents or as aqueous dispersions. The pellets can be filled into hard gelatin 
capsules or compressed Into tablets together with appropriate tabletting excipients 

The compositions contain conventional adjuncts, for example preservatives, stabilisers, wetting agents 
and/or emulsrfiers. solubilisers. salts for regulating the osmotic pressure and/or buffers. The present phar- 
maceutical compositions, which may. if desired, contain further pharmacologically valuable substances are 
produced in a manner known per se, for example by means of conventional mixing, dissolving, lyophilisino 
and/or sterilising processes, and contain from 1 ng to 1 00 ug/g. especially from 10ng to 10ug/g of preparation 
and In the case oflyophilisates up to 100 %.ofthe active Ingredient p»wwn. 

The invention also concerns a method for producing a pharmaceutical composition characterised in that 

a ^T C ^° fllC ! Uly aCtlve oom P ound <* me P™ 8 *"* Invention is processed in a conventional manner, e g 
admbted with a pharmaceutical^ acceptable canler. 

The invention also concerns a toothpaste comprising an effective amount of MGF, or a pharmaceutical lv 
acceptable salt thereof, and a method for its preparation. The toothpaste is especially useful for prevention 
and/or treatment of wounds of the gums. e.g. periodontitis or gingivitis. 

The Invention also concerns a mouthwash comprising an effective amount of MGF. or a pharmaceutical ly 
acceptable salt thereof, and a method for its preparation. The mouthwash is useful for prevention and/or treat- 

°i W T mOUth Bnd thr ° at ' e ' 9 - 8uch which occur durin 9 Periodontitis, gingivitis or inflammation 

or tne throat 

The Invention concerns also a cosmetic compositions comprising an effective amount of MGF or a cos- 
metically acceptable salt thereof. The cosmetic composition may be similar to the topical pharmaceutical pre- 
paration, and in addition may contain fragrant compounds. Such compositions comprise conventional shavina 
soaps, foams, cremes and lotions. ai»i.arin 9 

The invention concerns also the use of the MGF for the preparation of a pharmaceutical composition 
mouthwash solution, tooth paste and cosmetic preparation. y«>iuon. 

MGF is dual in character In that It on the one hand stimulates the proliferation of one type of body cells 
namely fibroblasts and other mesenchymal ceils, and on the other hand inhibits the proliferation Of another type 
of body cells, namely tumour cells and cells of the Immune system. 

^,I he T fl T th optiona,, y h fonnof a *»«, *«* as In particular a non-toxic pharmaceutical acid 
addiUpn salt optionally In form of a pharmaceutical formulation, is applied in an effective amount By the from 

effective amount" Is intended an amount which exerts a significant healing or cosmetic effect e.g. an amount 
which stimulates the desired cells to grow and which is not toxic to the cells. This amount can be determined 
e.g. by In vitro growth experiments. Due to the dual character of MGF. an "effective amount* Is also such which 
to a significant extent inhibits the growth and proliferation of tumour cells and cells of the Immune system If 
human or veterinary use is intended, the amount has to be adjusted to the particular tissue to be treated the 
mode of application, the severity of the disease, and the age and general condition of the host to be treated 

Ll^fXrSi °! a £ 8 I^ ad , Ult hUmanS Wi " *" * e ranfle * 01 to 1000 M for the Urowth stimulating 
and the inhibiting effect Allergic reactions may be avoided by using the growth factor from the particular species 

J 8Xample usi " 9 OTe 9rowth factor «*>m human milk for treating human beings, or from cow's 
milk for treating cattle. 

Clinical Uses of the Compositions of this Invention 

The pharmaceiitical compositions of this Invention, whose active Ingredients are MGF or MGF in combi- 
nation with a suitable activating agent, preferably EGF, have a clinical use in the treatment of anirtials, particu- 
larly mammals, more particularly human beings, and, in the case of wound healing, most particularly of old 
human beings. Several results are presented to support this evidence in the Protocols I to VII 
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The compositions of this invention promote oell migration and proliferation. M*"""?^^ 
both cell migration and cell proliferation patterns these jnjritro findings become direct* relevant to the injrjyo 

W ° U An ImpoSrcnlracteristic of the components of the compositions of this invention Is that spedes-specific 
comWnaZHre not required f^^^^ 

be activate? by an activating agent from another species, for example murine EGF Furthermore 
ttTe cells whose migration and/or growth is being promoted, either injritioorinvsyo. may also be of drfferen 
spect ^frTm ^rcomponente of the composition, or of other types, such as fibroblast ^or ep,tt,eha (^though rt 
te considered ihatthe growth promotion of these two said cell types will have the greatest medical utfflty. Jhe 

K is a^ed goal since they frequently occur in hospital patients, particularly gerl atrlc a ndwheel chafr 
paTnts lneSerly people the wouno healing process is slower and this group of patientete^ 
fncUence of wounds (not only decubitus and diabetic ulcers, but trauma, or burns) that either heal slowly or 

* "xwXes ^application of the compositions of this invention are proposed for both veterinary and. in par- 

UM TL h Zr n fl ^d e Diie e rred aoolicatlon is a topical use for the promotion of surface wound healing, particularly 
in A^K^^S^ 1^ processes'^ notably slower. There are ^o Hmtta«ons 
as t >Z ty£e of wound that may be freated. and these include : Surface ulcers nci "^^^^e 1 
ofabetic denial, oral, varicose and haemophliac surface ulcers; burns (especially second and ! third degree). 
ISiS s (including those of dental and cosmetic surgery); accidental wounds '(^"0 >na>tons. 
~n«StlorScerations and other traumata) and therapeutically induced wounds (including those Induced dur- 
Z ^SSSlSl 52S5U;i compositions may be combined with othe. • Ingredlente such as 
adiuvanT «Sers. solubilteing agents and any other known, or as yet unknown, secondary growm factors) 
The^are'SZSttons as to the nature of these ingredients except that they must ^ Pharm^utically and 
^To^ioSincceptable for administration and must not degrade the activ«*. or render hereby «J*J*» 
Se ntredlents of the compositions: When the compositions of this Invention are applied to «M 
buml suSoaloracdden^ 

SanU they may be impregnated into transdermal patches, plasters and bandage* jprefembly in a liquid 
« «^Jtauid fomi r or may may be incorporated ^^ 

damage toSe tissues of the inner organs where surgery Is either impossible or Is not required. Age n Jfoere 
areTotwtations as to the type of tissue or wound to be treated and mese ^^SXSS^ 
the inner organs and tissues; bone and cartilage (after fracture); gastric, duodenal and otter Internal ulcere. 
« u^in «oo^d svstemteallv the compositions of the invention may be formulated as liquids, pills, tablets. 
^S!c< ent^d^l^oHn liquid form for parenteral injection. For me treatment of interna .ncl- 
SkS^iX may be In the form of an Irrigant. preferably in combinaflon^wittv a P^j^ 

such as adjuvants, carriers. solubi.lz.ng agents and any other known or ^^^^S. 
growth factors). There are no limitations as to the- nature of these '"gradients except toatthey^st^ pha^ 
n^ceuucally and physiologically acceptable for administration and must not degrade the activity, or render 

^in^ — — — *■ *^ 

n-ofh^w^d^ 

amount oTfrorri to 1 0 ug MGF per 1 cm^of wound has akeady ".gn^nt hejj » <£^££~ 
a higher amount should be applied depending on the mode of admNstraUon due to the diMton of the MGF in 
me body fluids. The safety for higher amounts is given by the fact that MGF « present in milk. 

Surprisingly the MGF of the present invention has also broad spectrum immunosuppresrve activities as evi- 

50 concerns also a method for suppressing immune re spo nses 

stratfonof an immunosuppressive* effective amount of MGF. or a pharmaceutJcally acceptable salt thereof 

T^«oLpp3h/e effect of the present MGF can be used in organ transplantation operations or also 
to prevent and treat autoimmune diseases, such as Inflammations. „ Mnh , 

» Further the MGF of the present Invention has antitumor activities, e.g. against melanoma cells, as can be 

sho£ *e antiproliferetWe effecto against melanoma cel. line A 375 (Protocol V.) and human breast cancer 

06,1 'JSSSS^m invention concerns also a method for the treatment of cancer comprising administration 
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of an antlproliferatively effective amount of MGF, or a pharmaceutlcally acceptable salt thereof 

The amount of activating agent required will depend upon the amount of MGF present in the relevant 
compositions of this Invention, although experiments suggest that approximately equimolar amounts are pre- 
ferred Exact amounts of the active components, together with any extra ingredient of the compositions of mis 
invention depends on the specific activity of the MGF and/or the activating agent, the disease to be freated 
mL^r^V^' ?wK re a " d l0CaU ° n * * e woundFo ' topical application to surface wounds. Including* 

Slni »h?^ d b l P 7T! 80 am ° Unt ° f 81 ,eaSt 1 nano 9««™« «P to 1 milligramme per mHIHit^ 

Since me active components of this Invention exert thelreffects by binding to receptor sites and are men utilized 

^SS^Z^ m ' 9rati0n ^ be ' ng St,mU,ated ' 8 COnt,^ua, or " eriodte re-applteaZ^he 



Other uses of MGF 



«t JZ?£Z?? maJ ? r "f 6 k . m " k ,S C,eady me nUtrltion 0f me neonate - MGF ^ 3,80 ^ve effects, not Just 
at thelocal bssue .level but may promote the growth of the whole animal in a manner analogous to Human 

^ 2^ e HG ^ 

as food addles in raising young animals, for example, calves, lambs, foals, piglets, and chickens 
a a Jt Z^f Si ~"? e ™ ft,rt f le r afo0a ^P 08 '* 10 " comprising a growth promoting amount of MGF or 
a ^!l « , .? meth0d ° f 8t,mulatinfl 9 rowth of a mammal comprising administering to the said animal a 
grow* stimulating amount of a food composition, comprising a growth promoting amount of MGF o? a salt 

Afurtherapplicatlon is the use of MGF forthe growth of culture cells which are difficult to grow under normal 
%2> u"S 8 ' ** the . SV4 ° V,nJS to™*™** ""bryonlc human fibroblast cell line WW8 VAJ3 
^;' 0nallv can bo usad for 9 rowi "9 "riain cells in protein-poor or essentially protein-free media, per^ 
mitting savings In serom used in the cell culture. Thus, as the test acceding to R.R. BOrtc Indicates picomofar 

medium PM * *• fa0tOr 8timU,ate mi9rati0n and 9row * ° f Ba,b/C 3T3 cellsTn seSLe 

„ *^ rdlnfl,V * e ,n r en t ton concerns also a cell growth medium essentially free of other proteins, comprising 
a ^growth promoting stimulating amount of a MGF or a salt thereof, and a method of stimulating cell growth i! 

^M^stt - ^ TT-rr^^T:* med,um a 9roL " ri: 

Short Description of the Figures 

ReJ^T™L 1 i!! 8 ^ "'^T 83 ! 01 0,6 puriflcat,on of MGF during various chromatographic steps. 

Recorded are for each fractron the absoroance by measuring the optical density (O.D.) at 280 nm and me 

migration activity In the test of BOrk, RR. (1973) Proc.Natl.Acad.Scl. USA 70 369 

Fig. 1 represents the results of the Cation-Exchange Chromatography according to Example 1a) 
Fig. 2 represents the results of the Hydrophobic Interaction Chromatography I according to Example 1b) 
Fig. 3 represents the results of the Hydrophobic Interaction Chromatography II according to Example 1c) 
Ffc. 4 represents the results of the Hydrophobic Interaction Chromatography III accoroin? to Eampte 2 
Ffc. 5 represents the results of the Size-Exclusion Chromatography according to Example 1e) ' 
The following examples serve to illustrate the present invention. 

Example 1: Isolation of Milk Growth Factor from fresh bovine milk 
a) Cation-Exchange Chromatography 

Dowex AG SOW X2 50-100 mesh resin (30 liter. H* form) is loaded into a suitably sized chromatography 

tSZSJfTT 2 1 ^ V °" JmeS ° f 1M SOdhJm hvdrox,do 50 % followed by 3^Jed 

volumes of distilled water. The resin .s then equilibrated in the Na* form) with 2-3 bed volumes of 0.01M sodium 

SZ 09 ^ 0 *^**' PH 7 °- F,BSh m " k (25(M00 ' > 18 d,,uted * volumes of distilled water WtovZ the 
add Hon of 40 ml of 0.1M phenylmethanesurfonyl fluoride (PMSF). a protease inhibitor, to thTc^dVm^Xe 
diluted milk solution is then pumped slowly through the column bed at 4-C. thereby allowing I^S^XmhI 
the appropriately charged mSk proteins to the resin. ««i°rpiion or 

After loading, the resin is washed with 1 1/2 bed volumes of 0.01 M sodium dihydrogen phosphate pH 7 0 

l^^^ZV^'V ? ^ VOlUme8 * °° 2M POtaS8ium d,hvdro 9 an Phosphate°/n P d I oTm' po^ 
slum acetate In 40 % ethanol. at pH 7.6 until the O.D. 280 nm returns to the baseline. Each fraction is 
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immediately adjusted to pH 4.5-5.5 with acetic acid. The potassium acetate elutes a small peak wift absoibance 
Snm and 'which contains much of the desired activity. Fig. 1 represents 

the elution phase, together with the migration activity of the collected frachons. The active fractions (Nos. 8-17) 
are pooled/concentrated 2-3 fold by rotary evaporation, and stored at 4°C until required. 

bl Hydrophobic Interaction Chromatography I 

Phenyl Sepharose CL 4B from Pharmacia is regenerated by washing with 1 column volume of n-butanol. 
1 vdume ethanol and about 10 volumes of distilled water. The pool of the active fractions from paragraph 
a) (total volume usually 40-50 litres which may be reduced by rotary evaporation at reduced pressure) .s adjus- 
SdVpH 5.0 with 1 M ammonium hydroxide In a suitably sized vessel. 750 millinters of Phenyl Sepharose XL 
4B resta. as prepared above. Is added to the vessel and the contents are stirred gently overnight at 4 C. The 
stirring is then stopped, the resin is allowed to settle end the supernatant matenal « carefiilly decanted and 
discarded. The resin Is then transferred to a large sintered glass funnel and washed thoroughly with an amount 
of a buffer solution, consisting of 0.6M ammonium acetate, required so that the effluentis no lo^opaque. 
The resin is then transferred to a suitably sized chromatography column and the loaded column is then washed 
with a further 2 volumes of 0.6 M ammonium acetate. pH 5.0. followed by steps at 28 % and 40 % ethanol In 
0.2M ammonium acetate. pH 5.0, which Is sufficient to elute the desired activity. The 28 % step may be ommitted 
to reduce the volume. Fig. 2 represents the absorbance at 280 nm over the elution phase, together wrth the 
migraJo" activity of the Elected fractions. The ective fractions (Nos. 1 13-180) are pooled and stored at 4-C 
until required. 

c) Hydrophobic Interaction Chromatography II (HPLC) 

The pool of the active fractions from paragraph b) (total volume usually 2-2 .S lices) teeHh^lyophin^cl to 
dryness and redissolved in a small volume, usually 50 millilitres. of a mixture consulting of 7 parts ^ atand 
toTparte 2M ammonium acetate pH S.O.or concentrated 3 to 10-fold ' ^SSL 
a further 1-2 volumes of a buffer consisting of 2M ammonium acetate pH 5.5 and the solution is P^P^onto 
a Butyl Pblyol SI500 (10 |im pore size)) hydrophobic Interaction chromatography column, at room temperature. 
ataSowrato of 1 millBiTper minute The column Is then washed with the ^buffer solution Joltowed by 
elution using a ..near gradient with a rising amount of ethanol. in tinls example 21-24 
of the gradtent. which was sufficient to elute the desired activity. Fig. 3 represents ^^m*™"" 28 I nm 
over the elution phase, together with the migration activity of the collected fractions. The active fractions (Nos. 
31^0) are pooled and stored at -20°C in a dosed container to avoid evaporation until further use. 

d) Hydrophobic Interaction Chromatography III (HPLC) 

The pooi of the active fractions from paragraph c) (total volume usually 20-40 millilitres) is admbced wrtha 
equal volume of a buffer consisting of 2M ammonium acetate pH 5.5 and the solution Is pumped onto ^an Odyl 
Polvol Si500 (10 um pore size)) hydrophobic interaction chromatography column, at room temperature, at a 
few rate of 1 ml.liKra per minute. The column is then washed with the same buffer followed by e.utior .using a 
I^ear gradient with a rising amount of ethanol. in this example 40A2 % over the flattened part of the gradient 
which was sufficient to elute the desired activity. The column is finally stripped wrth repetitions of a 0J0Q > % 
linear ethanol gradient Fig. 4 represents the absorbance at 280 nm overtine .elution phase ^«;^ h J 
migration activity of the collected fractions. The active fractions (Nos. 3SM2) are pooled and stored at -20 C 
until required. 

e) Size-Exdusion Chromatography (HPLC) 

The pool of the active fractions from paragraph d) (total volume usually 2-10 milliliter) is *ophniseti I fo dry- 
ness andredissolved in 100 microlitere of a buffer solution consisting of 7 parts and 60% ethanol to 3 parts 2M 
ammonium acetate pH 5.5. The redissolved pool is then Injected onto a TSK G2000 size exclusion column and 
an Isocratlc elution is performed, using the same buffer solution, at room temperature, a a flow rate ,ct 02 mil- 
lilitres per minute. Fig. 5 represents the absorbance at 280 nm over the entire Isocratic elution phase, together 
wiSemi?ration activity ofthe collodion fractions. The active fractions (Nos. 86-91) are lyophilised and stored 

separately at -20°C until required. . . . Ann 

The MGF is present in the adive fractions from paragraph e) in a form which is up to and includ.ng.100 
% pure, and has a molecular weight of approximately 25000. These criteria being estimated from silver-stained 
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SDS-PAGE gels (containing 15 % acrylamide) 1.5 millimetres thick which were scanned at 530 nm against a- 
chymotrypsinogen standards, on a Shimadzu CS-930 dual wavelength scanning densitometer. Silver staining 
is perfonmed according to BGrk, R.R. et al., Methods of Enzymology, 91, 247-254 (1983). 

Under flat bed iso-electric focussing conditions the activity was recovered from fractions at pH 9.0 to 10.5. 

Example 2: Isolation of MGF from other fresh milk source 

An appropriate quantity of fresh milk from another mammalian source, for example human, sheep or goat 
is firstly diluted as In step 1a) cation exchange chromatography, hydrophobic Interaction chromatography and 
size exclusion chromatography are performed in analogy to Examples 1a) to 1e) whereupon a Milk Growth Fac- 
tor (MGF) is obtained. 

Example 3: isolation of MGF from dried skimmed bovine milk powder 

Commercially available dried skimmed bovine milk powder (25-50 kilogrammes) is washed by suspending 
it in 50-100 litres of acetone stirring for one hour at 20«C and drying the washed powder overnight at room tem- 
perature in a large vacuum chamber. Less than 100 grammes of dry material is lost in the acetone and Is dis- 
carded. The acetone washed powder may be kept at room temperature until used. The acetone washed mHk 
powder (25-50 kilogrammes) is added to 250-500 litres distilled water at 4°C, stirred gently to avoid frothing 
for 1 hour, and the mixture is adjusted from pH 6.7 to pH 7.0 with 1 N sodium hydroxide. Further dilution of the 
washed and reconstituted milk powder, cation exchange chromatography, hydrophobic interaction 
chromatography, and size exclusion chromatography are performed In analogy to Examples 1a) to 1e) where- 
upon a bovine Milk Growth Factor is obtained. 



Example 4: Cream (O/W-type) 



Ingredients: % 

Sorbitan monos tearate 2.0 

Polyoxy ethylene sorbitan monos tearate 3^0 

Cetyl alcohol 5 [ 0 

Light liquid paraffin 3*0 

Isopropyl myri state 2 !o 

Active substance, MGF 1.0 • 10~ 5 

Propylene glycol 2 !o 

Glycerin 2^0 

De ionised water 76 !o 

Preservatives and other stabilizers q ." 8 . 



Heat the aqueous phase to 55-60°C, dissolve the active substance in it, and disperse the melted lipid phase 
in it by vigorous stirring. Cool to room temperature and homogenize. 

In a similar manner a cream comprising 0.4, 4 or 20 ug/ml, respectively, can be produced 
Of this cream 100 uJ/cm* of wound is applied. 
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Example 5: Ointment (W/O-type) 



10 



15 



20 



Ingredients: 


% 


Sorbitan trioleate 


5.0 


Wax, microcrystalllne 


3.0 


Light liquid paraffin 


9.0 


Isopropyl rayri state 


10.0 


Lanolin alcohols 


3.0 


Active substance, MGF 


1.0 


Propylene glycol 


2.0 


Glycerin 


2.0 


Magnesium sulphate, hydrous 


0.7 


Deionised water 


65.3 


Preservatives 


q.s. 



io- 5 



Dissolve the active substance in the aqueous phase, with gentle heating, and disperse the solution in the 
melted lipid phase. Cool to room temperature and homogenize. 

In a similar manner an ointment comprising 0.4, 4 or 20 ug/ml, respectively, can be produced. Of this oint- 
ment 100 ul/cm 2 of wound is applied. 

Example 6: Mouthwash 



-3 



25 Ingredients: % 

Active substance, MGF 1.0 • 10 

PolyethyleneglycoK 7) -glyceryl cocoate 4.0 

Deionised water 13.0 

Glycerin 86 % 18.0 

30 Peppermint oil 10.0 

Ethanol 55.0 

Dissolve the active substance is deionised water. Add and dissolve PEG(7)-glycery! cocoate and glycerin 
35 in the solution. Dissolve peppermint ofl in ethanol and mix the two solutions with stirring. 
The solution is to be diluted up to 1:10 before use. 

Example 7: Parenteral Solution 



40 



Ingredients: 

Active Substance, MGF 1 mg/ml 

± Human Serum Albumin 1 mg/ml 

Arginlne or Glycine 20 ag/ml 

Carbohydrate 5-20 mg/ml 



+ 



40 pH 7 

The carbohydrate is glucose, mannose, dextran, hydroxyethyl starch or a mixture thereof. 
The pH is adjusted with phosphate, succinate, amino acids or a mixture thereof. 
50 Vials with 0.5 mg MGF/0.5 ml are made and lyophilised. 



55 
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Example 8: Tooth paste 

Active Substance (MGF) 1 n.i o~ 5 » 

Methyl cellulose 0^8 a 

Calcium carbonate *n'n Z 

Colloidal silica 3 O ? 

Light liquid paraffin 2 'ol 

fy«ri„ 2 J;g « 

Sweetening agent 



Flavouring agent 
Preservatives 
Deionised water 



to 100.0 g 



55 



The powders are wetted with the mixture of the active substance and methyl cellulose in a part of deionised 
water paraffin and glycerin. The additives are added in solution. After making up with the remaining water the 
paste Is homogenized. 

The following protocols demonstrate that the compositions according to this invention are effective in vivo 
and that MGF can be employed cross-species. 

Wound Healing in 10 Months Old Rats, Protocol I: 

Invlyo activity of bovine MGF was determined by a method based on the protocols described by Zimmerli 
etal.. (1982) J. InfectDia. 146: 487 and Spom, M.B. etal-. (1983) Science 219:1329. aeSCnDed by Z,mmeril 

Empty rigid pdymethylacrylate or polytetrafluoroethyiene tubes (internal and external diameters 10 and 
12 millimetres, respectively; length 32 millimetres), each perforated by 250 regularly spaced holes (diameter 
1 millimetre) and sealed at each end with a cap of identical material, were gas sterilized and surgically inserted 
subcutaneously. In symmetrical fashion, Into the dorsal flank of fully anaesthetized Wistar Rats (approximately 
10 mon hs old). One gas-sterilized tissue cage was implanted into each flank and the incision was closed with 
mete IdlPfwhtah were removed Sdays after surgery. Following surgical Insertion the chambers become encap- 
su lated with fibrous connective tissue although there is a relative absence of cells within the chambers them- 
selves. This model therefore presents us with a sterile, defined and enclosed space (within the Implanted 
chamber) where a wound healing response can be quantitated. The rats were used for experimentation two 
r? ,m , plantation of *• tissue cages, after full healing of the incision. At this time daily injections of MGF 

(0.1 mmilitres. in sterile histldine buffered saline (HBS)/ 0.5 % 'Klucel©' vehicle buffer) were started directly into 
ttie leftside chamber (chamber A). Daily doses were either 1000, 100 or 10 nanogrammes of MGF per chamber 
The specific activity of the MGF was approximately 1 0 7 units per milligramme as determined by a dose response 
assay using Balb/C 3T3 fibroblasts. *^ 

To activate MGF activity, a small amount (20 nanogrammes) of murine EGF was included In all MGF infec- 
tions unless otherwise stated. Right side contralateral chambers (chamber B) were used as placebo controls 

ai ) » J! " jeC ! ed With 6lther Vehide buffer a,one> or veh,cle buffer containing an amount of bovine serum albu- 
rn n (BSA) such that the total protein was equivalent to the amount of MGF injected Into the left side chamber 
Ejections were made once daily for 5 days and all injected materials were sterile, endotoxln-free and pyroaerh 
free. All rats were individually caged for the duration of the experiment Rate were sacrificed 6 hours after the 
test series of injections and all the chambers were then removed from the animals, using aseptic technique 
Fibrotlc matenal in the chambers was -wef weighed and the total protein in the serous chamber fluid was 

SZZTl V , '"IT""*! ° f ^T* 6t aL ' J Bto Chem - m 265 (1 951). Sterility of the chamber contents was 
checked by incubation of samples on Brain/Heart Infusion plates for 72 hours at 37<>C. Statistical analysis of 
the data was made by comparison of matched pairs of the chambers (A v B). 

Ta " e1showma «dailylnjecHons 
of total fibrous material, in a dose-dependant manner, in left-sided chambers as compared to the right side con- 
tralateral control chambers which received placebo treatments only (Expts. 1-3). 

EGF. although serving as an activating agent, had no significant effect alone, on the level of total fibrous 
material found in the relevant chambers (Expt. 4). MGF also significantly enhanced the amount of total serous 
fluid protein in the left-sided chambers as compared to the contralateral right-sided chambers which received 
placebo treatments only (Expts. 1-3). Again EGF had little effect alone on the levels of total serous fluid protein 
in relevant chambers (Expt 4). H " 
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At the end of experiments 1-3 it was consistently observed, at post-mortem biopsy, that the left side MGF- 
treated chambers were more firmly fixed to the surrounding connective tissues of the body wall than the res- 
pective matched control chambers, and that the thickness of the fibrotic material Immediately surrounding the 
MGF-treated chambers was markedly greater than that surrounding the respective matched control chambers 
5 This observation would suggest that the effects of MGF are also manifest in the area immediately surrounding 
the respective chambers. No apparent differences in the thickness of fibrotic material surrounding the chambers 
was observed in Expt 4. The contralateral chambers also show dose dependent small increases over the con- 
trol which might be explained by transmission through the circulation of MGF to this chamber. 

Histological preparations revealed the extent of the enhanced tissue-thickness and vascularity around the 
10 MGF-treated left side chambers in Expts. 1-3, and also the occurence of fibroblast proliferation within the con- 
tents of the fibrous granulation tissue inside each chamber. A sterile Infiltrate of inflammatory cells was found 
in the serous fluid of both treated and control chambers although differential counts showed a slight predomi- 
nance of polymorphonuclear leukocytes in right-side control chambers under predominance of macrophage 
populations in left-side chambers which had received MGF in Expts. 1-3. The contents of all 40 chambers in 
is Expts. 1-4 were proved to be sterile after incubating samples of the contents of each chamber on brain heart 
infusion for 72 hours at 37°C. 

Wound Healing in over 480 Days Old Mice, Protocol II: 

20 It has long since been noticed, but tested only recently, that the wound healing process becomes impaired 

with advancing age (Grove, G.L (1982) Arch. Dermatol. Res. 272: 3811 and as such represents a major problem 
in geriatric medicine. It was therefore decided to investigate the effects of bovine MGF on a wound-healing res- 
ponse, using partial-thickness wounding (by second degree burning) in a partially deficient or Impaired wound 
healing situation, namely in old animals, using a similar protocol described by Schultz, G.S. et al (19871 Sci- 

25 enoe 235:350. . 

Single middermal thermal injuries were made on the dorsal thorax of anaesthetized, aged (480 to 600 days) 
C57/BL6 mice, whose backs had been previously shaved and depilltated with a commercial cream-type hair 
remover, by a single application, for 10 seconds, of a brass template (1 x 1 cm, 8 gm) which had been equil^ 
brated at 80°C in a water bath. The resulting blister was surgically removed and the bums were treated daily 

30 for 5 days, with a topical application of 25 uJ sterile vehicle buffer containing various amounts of MGF (500 
nanogrammes, 100 nanogrammes or 10 nanogrammes; specific activity of the MGF was approximately 10* 
units per milligramme as determined by a dose response assay using Balb/C 3T3 fibroblasts) in the presence 
of a constant small amount (20 nanogrammes) or murine EGF, or were left untreated. All materials for topical 
application were sterile, endotoxin free and pyrogen free, and all mice were Individually caged for the duration 

35 of the experiments. 

After 5 days of treatment with MGF, the mice were anaesthetized, the blisters (if present) were surgically 
removed from the burns, and the bums were photographed. Areas of bums that had regenerated epithelium 
were outlined onto uniform thickness transparent plastic turn f Scotch 1 © overhead projector film) and the per- 
centage of the original bum area that had healed was measured by planimetry. Values shown in Table 2 are 
40 the mean and range of the group evaluations. Results were also compared with the epithelial regeneration pro- 
cess in young (56-84 day old) C57/BL6 mice with identical middermal burns but which were left untreated for 
the duration of the experiment All mice were individually caged and experimental groups consisted of 5 mice 
per group. 

45 



50 



55 



17 



=maintoolbar=bottom] Page 18 of 33, 



10 



15 



20 



25 



30 



40 



45 



EP 0 313 515 B1 



Table 2 (mice, over 480 days old) 



Expt • 


Animal a 


Treatment 


Gp. 


%age of original 
burn area remaining 
on day 6 


1 


Old 


500ng MGF 
+20ng EGF 


A 


45 ± 9 


2 


Old 


lOOng MGF 
+20ng EGF 


B 


51 ± 7 


3 


Old 


lOng MGF 
+20ng EGF 


C 


54 ± 5 


4 


Old 


20ng EGF 


D 


78 ± 5 


5 


Old 


Vehicle 


E 


91 ± 5 


6 


Old 


N.T. 


F 


90 ± 6 


7 


Young 


N.T. 


G 


36 ± 7 



Table 2 shows the results of the planimetrtcal analyses and deemonstrates thattoplcal application of MGF. 
daily for 5 days, in a suitable vehicle buffer and in the presence of a small amount of murine EGF. stimulated 
arid accelerated epithelial regeneration In bid mice in a dose-dependant fashion (Expts. 1-3) when compared 
with EGF only, vehicle only or untreated wounds (Expts. A* respectively) young mice were appa«i*y com- 
petent enough to successfully re-epithelialize their wounds in the absence of any topically applied MGF (Expt 

7> ' Histological analyses of the experimentally-induced wounds in this series of experiments revealed their 
extension to (and possibly including) the basal (gennlnative) layer of the epidermis. Suet .wounds hea^ \by first 
intent in a precess involving the division and migration of cells in both the vertical and lateral planes, and one 
which results not only In the re-epitheliallsation and reclosure of the wound but one which tote. 9**™** ■ 
thickening or hyper-keratosis of the regenerated epidermis. Histological analyses also revealed the endentrt 
the enhancement (or acceleration) of this re-epithelialisation process in animals wh.ch had been treated w.th 
MGF (Expts. 1-3) and a relative absence of new epithelia in any of the control groups (Expts. 4-6). Young ani- 
mals also showed a marked re-epithelialisation of their wounds (Expt 7). 

The results of a similar experiment with 100ng of MGF. a mixture of 100ng of MGF and lOOng of EGF. 
100ng of EGF alone, vehicle alone, untreated old mice and untreated young mice are compiled in Table 3. 
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Table 3 



Group 



10 



15 



Animal 



Treatment 



Percentage of original 
burn area remaining on 



1 


Old 


lOOng MGF 


46 ± 9 


2 


Old 


lOOng MGF 


41 ± 5 






+100ng EGF 


3 


Old 


lOOng EGF 


76 ± 9 


4 


Old 


vehicle only 


78 ± 5 


5 


Old 


untreated 


81 ± 9 


6 


Young 


untreated 


34 ± 5 



20 Table 3 showing epithelial regeneration of partial-thickness bums In groups of old C57BL/6J mice which 

has been treated daily, for 5 days, with a viscous vehicle buffer containing MGF in the presence or absence 
of EGF. Each group consisted of 5 animals. The values reported are the mean and range of 3 individual evalu- 
ations for each wound. 

26 Wound Healing In Old Pigs, Protocol III: 

The healthy 'old' lame white sows (aged from 7-8 years; weight 250-300kg) together with two heal- 
thy young' female pigs (aged from 2-3 months; weight 25-30 kg) of the same breed, were selected and res- 
trained separately in tight holding boxes for the duration of the experiment in order to prevent the animals from 
licking their wounds or lying on them. Since pigs are usually disposed of before the end of their normal lifespan 
(sows being seldom kept under husbandry conditions for longer than 4 years) the average lifespan for both 
the species and the breed, kept as a laboratory animal. Is unknown although old sows have been known to 
produce litters at 1 0 years and reach 15-20 years of age. Pigs were chosen as suitable models for partial-thick- 
ness wounding in man because of the similarities in epidermal structure, morphology and the rateof cell tor- 
nover. 

All animals were shaved and depilitated using a commercial hair remover cream prior to wounding 
Pigs were given full surgical anaesthesia prior to multiple wounding. As a sedative, Azaperone (STRES- 
NYL°, Janssen, Beerse, Belgium; 1 mgkg-i) was administered to each pig intravenously through the central 
ear vein, followed 20 minutes later with Metomidate Hydrochloride (HYPNODIL®, Janssen; Beerse Belgium- 
4 mg-kg- 1 ) by the same route. ' 

A brass template (3 x 3 cm; 78 g) was equilibrated to 90«C in a water bath, placed in firm contact with the 
depil itated dorsal surface of the skin for exactly 1 0 seconds to produce multiple, partial-thickness burns of each 
animal and the resulting blister removed. 

The multiple partial-thickness bums on the dorsal thorax of old pigs were treated daily for 9 days with 225 
Ml of vehicle buffer containing either MGF (4.5 ug. 0.9 ug or 0.45 jtg). EGF (4.5 jig, 0.9 M g or 0.45 ng) or equal 
combinations of both factore (4.5 ug MGF + 4.5 ug EGF, 0.9 ug MGF + 0.9 M g EGF. 0.45 |ig MGF + 0 45 ug 
EGF). These dosages were chosen so that the pigs received the same amount of material, per square cen- 
timeter of wound surface area, as did the mice in a previous experiment Control burns on each animal received 
either vehicle-only treatments or were left untreated. As a further control, two young pigs each received similar 
single partial-thickness bums which were also left untreated for the duration of the experiment The degree of 
re-epithelializatjon for each bum was assessed on the 10th day by planimetry and by histological examination 
of a limited amount of biopsy material. 

Table 4 shows the results of the planimetrical analyses. The normal re-eplthellallsatJon of untreated wounds 
was maikedly better In young pigs (Treatment 12) than in older ones (Treatment 11) over the 10 day exper- 
imental period. As in the previous experiments a daily topical appication of MGF. either in the presence or abs- 
ence of EGF. markedly Improved this repair process in the older animal (Treatments 1-6) to such an extent 
that the levels of re-epithelialisation again resembled those seen in young animals with untreated wounds 
(Treatments 12). Daily application of Vehicle Buffer (Treatment 10) or EGF over a concentration range 100-500 
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10 



no cnr* burn area (Treatments 7-9) had little effect on the re-epitheliallsation process in old pigs. 

Ttahtmicroscopy of biopsy material confirmed the results of the planimetrical analyses and revealed a thin 
epIdeSnte fisting of as Z as two distinct epthella. cel. layers, in the intact zone surrounding each wound 
and ateotne enhancement of the re-epltheliallsation process in wounds that had been treated with MGF. (either 
I me presence Z absence of EGF). Although there was no visible evidence of any metaplas.a ,n the newly 
^^k^H^n "slight but distinct hyperkeratosis was apparent In all groups of mice at the perimeter 
TSSSZlEL, genera, observation was that wounds treated with MGF (either in the presence or abs- 
ence of EGF) appeared to contain more granulation tissue. mosUy subjacent to the new* regenerated eplder- 
mte than wounds which had remained untreated or had received EGF-only or vehicle-only treatments In 
^nemf sillar observations were seen in the limited amount of biopsy material available from the pig study 
2J rSnSuTappearance of the Intact epidermis surrounding the wounds in old animals more closely 
rosembled the well defined, multi-layered arrangement that is characteristic of the younger animal. 
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Table 4; (Old pig*) 

Showing Epithelial Regeneration of partial-thickness burns in 2 old large 
white sows treated daily for 9 days with a viscous vehicle buffer 
containing MGF in the presence or absence of EGF. The values reported are 
the mean and range of 3 individual evaluations for each wound. 



25 


Animals . 


Expt. 


Treatment 
+ Number 


Percentage of original burn 
area remaining on day 10 










Animal 1 


Animal 2 


30 


Old 

Old" ~ 
Old 


1. 
2. 
3. 


4.5 ug MGF 
0 . 9 )ig MGF 
0.45 ug MGF 


7 ± 4 
10 ± 2 
15 ± 6 


10 ± 2 
12 ± 4 
15 * 5 




Old 


4. 


4.5 tig MGF+ 
4.5 ug EGF 


9 ± 2 


18 ± 4 


35 


Old 


5. 


0.9 ug MGF* 
0.9 ug EGF 


18 t 2 


20 ± 2 




Old 


6. 


0.45 ug MGF* 
0.45 ug EGF 


17 ± 4 


21 t 5 


AO 


Old 
Old 
Old 


7. 
8. 
9. 


4.5 ug EGF 
0.9 ug EGF 
0.45 ug EGF 


26 ± 4 

28 t 3 

29 ± 2 


29 ± 2 

36 ± 3 

37 ± 4 




Old 
Old 
Old 


10. 
11. 
12. 


Vehicle-only 

untreated 

untreated 


31 t 6 
42 ± 6 
8 ± 2 


37 ± 5 
40 t 6 
7 ± 3 



45 



The results shown in Protocols I to III indicate that MGF can significantly a< ^ ,era ^ ^ d ^"^*^" a 
so healing, by first and second Intent. !nvjyo, whereas In both of the examples, placebo treatments or acthrabng 
agent alone failed to produce such a response. 

Cellular Immune Response. Protocol IV 

65 One way mixed leukocyte reaction (MLR): 

Lymphocytes from two different strains of mice (CBA and Balb/c) were mixed together jn_yM in TC 06 
plate wens (2x10* cells, from each strain per well; CBA lymphocytes were 'responded, and Irradiated Balb/c 
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lymphocytes were 'stimulators') and the proliferative response was measured after 72 hours by 3 H-thymidine 
incorporation. 

Result =-1000 pg.mM of MGF caused 50 % inhibition of proliferation. 
5 Cloned T-cell assay (mouse): 

A mouse long term T-cell clone specific for a soluble antigen (arsenate-tyrosine) and incubated in vitro in 
TC 96 plate wells (10* cells per well) with mouse peritoneal macrophages (2x1 0* cells per well) previously 
pulsed with antigen. T-cell proliferation and production of interferon-? was measured after 72 hours. 
10 Result ~500 pg.mM of MGF caused 50 % inhibition of both proliferation and IFN-y release. 

Murine lymphocyte assay: 

Unprimed murine lymphocytes were stimulated In vitro In TC 96 plate wells (10* cells per well) with 
is lipopolysaccharide (LPS, 2,5 ug per well) and the proliferative response was measured after 72 hours by «H- 
Thymidine incorporation. 

Result =1000 pg.mM of MGF caused 50 % inhibition of proliferation In this assay. 

Human T-iymphocyte Assay: 
20 ^ " ' *~ 

Unprimed human T-lymphocytes were stimulated in vitro in TC 96 plate wells (10* cells per well) with either 

a) phytohaemagglutinin A (PHA. 0,5 %) b) anti-T3 antibody plus Phorbol Ester (PDBu, 1 ng mM), ore) lonomy- 

cln (0.25 ng mM) plus PDBu (1 0 ng mM). Proliferative responses were measured after 72 hours by *H-thymidine 

incorporation. 
25 Result 

a) = 10 pg mM of MGF caused 50 %. inhibition of proliferation 

b) ~ 1 pg mM of MGF caused 50 % Inhibition of proliferation 
b) - 10 pg mM of MGF caused 50% Inhibition of proliferation. 

30 Antigen Specific Human T-Lymphocyte Assay: 

Freshly isolated human T-lymphocytes were stimulated in vitro in TC 96 plate wells (10* cells per well) with 
a specific antigen, tetanus toxoid, and the proliferative response was measured by 3 H-thymidine incorporation. 
Result = 50 pg mM of MGF caused 50 % inhibition of proliferation. 

35 

Cloned T-Cell Assay (Human) 

A human, long term T-cell done (T4+/T8") specific for a soluble antigen, purified protein derivatives from 
mycobacteria (PPD), was incubated in vitro in TC 96 plate wells (2x10* ceils per well) with either 
40 a) isologous human monocytes (10* ceils per well) which had been previously pulsed with antigen 

or b) with isologous cells from an Epstein Barr Value (EBV) - transformed B cell line (8x1 0* cells per well). 

Proliferative responses were measured after 72 hours by 3 H-thymidine incorporation. 
Results: 

a) ~ 500 pg mM of MGF caused 50 % inhibition of proliferation 
45 b) « 10 ng mM of MGF caused 50 % Inhibition of proliferation. 

11-2 Driven Proliferation of Human ConA Lymphoblasts 

Human concanavalin A (ConA) lymphoblasts were incubated in vitro in TC 96 plate wells (1 0 4 cells per well) 
so In the presence of recombinant interleukin 2 (ri1 -2, 3 or 9 ng mM) and the proliferative response was measured 
after 96 hours by 3 H-thymidine incorporation. 
Result « 0.1 pg mM of MGF caused 50 % Inhibition of proliferation. 

11-4 Driven Proliferation of Human T Lymphocytes 

55 ~ 

Unprimed human T lymphocytes (>95 % T3+) were incubated in vitro in TC 96 plate wells (10* cells per 
well) in the presence of PDBu (10 ng mM) plus recombinant interleukin 4 (rl1-4, 10 ng mM) and the proliferative 
response was measured after 72 hours by * H-thymidine Incorporation. 
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Result - 500 pg mM of MGF caused 50 % inhibition of proliferation. 
Humoral Immune Response, Protocol V: 

s Mice were primed in vivo with a hapten-carrier conjugate (Dinitrophenyl-chicken gamma globulin; DNP- 

CGG 200 pg per mous'eTrwo months later spleen cells were challenged In vitro In TC 06 plate wells (3x10* 
cells per well) with DNP-CGG (10 ng-1 00 ng per well) and the number of anti-hapten (DNP) antibody forming 
cells were determined after 4 days by a Jerne plaque test 

10 Result =< gQ pg mi-i of mgf caused 50 % Inhibition of antibody forming B-cella. 
=»1 000 pg.ml- 1 of MGF also caused 50 % inhibition of proliferation. 

Tumour Cell Lysis. Protocol VI 

is MAF ASSAY: Adherent human monocytes in TC 06 plates were stimulated for 24 hours with different con- 

centratlons of MGF. After washing the monocytes once, Melanoma A375 target cells were added. Controls 
included macrophages and tumour cells alone, a mixture of non-stimulated macrophages with target cells, the 
Klucel solvent (see Protocol I) and MAF standards. 

After 72 hours incubation the cell monolayers were washed once, fixed and stained with crystalviolet for 

20 15 mln. Unbound stain was washed out Intensively. The remaining stained cells were lysed with .acetic acid 
and the OD was measured at 500 nm with a Multiskan-8 Channel Photometer equipped with an Olivetti M24 
PC to calculate the activity of the test compounds. Data are expressed as ED30. 

Results: MGF treatment stimulated the monocytes to tumour cytolytic activity. The ED30 was found at the con- 
centration. 0.17 ± 0.14 ng.mM (n = 4 experiments). 
25 The Klucel controls were Inactive. 

Cytotoxicity for proliferating Melanoma A37S cells: 

MGF was diluted in C-RPMI medium + 5 % FCS in TC 06 plates. Controls were medium alone, and Klucel. 
30 (100 ng MGF were dissolved In 50 pi Klucel and then diluted with C-RPMI medium + 5 % FCS). 1.2 x 10* A375 
target cells were added in each well. After a 72-hour incubation at 37»C In 5 % COa and A375 tumour cell mono- 
layers were stained and the cytotoxic activity was calculated with the same procedure as described for the MAF 
assay. 

Results: MGF was cytotoxic for proliferating melanoma A375 tumour cells. 
35 The ED30 was found at the concentration 0.18 ± 0.12 ng.mM (n = 4 experiments). 

These experiments indicate that the MGF concentrations stimulating monocytes to tumour cytolysis and 
the direct tumour cytotoxic activity are very close (0.17 ± 0.14 versus 0.18 ± 0.12). 

Growth inhibition of Estradlol-dependant and Estradioi-lndependant h uman breast cancer cell lines. Pro- 
40 tocol VII 

Two human mammary carcinoma cell lines with estradiol receptors, MDF-7 and ZR-75-1. and one human 
mammary carcinoma cell line without measurable estradiol receptors. MDA-MB-231. were seeded separately 
in TC06 plates at a density of 3-6x1 (P cells per well and stimulated with different concentrations of MGF In Klucel 
solvent (see Protocol I). Controls Included carcinoma cells alone and carcinoma cells cultured In the presence 
of Klucel solvent only. After 8-1 0 days incubation under defined serum-free conditions the adherent cell mono- 
layers were washed and then fixed and stained with crystal violet for 15 minutes. Any unbound stain was 
washed out extensively and since the bound stain was confined to the nucleus, this technique provided a col- 
orimetrical assay for measuring cell growth and proliferation. The CD. was measured at 500 nm with a Multi- 
skan 8 Channel Photometer equipped with an Olivetti M24 PC to calculate the activity of the test compounds 
on carcinoma cell growth over the experimental period. ^ 

Results: Treatment with MGF. over a concentration range 10-*- 10-« M. inhibited the growth of both es- 
tradiol-dependant cell lines MCF-7 and ZR-75-1. and the estradlol-independant cell line MDA-MB-231, when 
compared with untreated control cells. Klucel solvent has no effect on any of the cell lines in this assay. 
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Claims 



1 . A Milk Growth Factor (MGF) in 103 to over 10' times enriched form obtainable from milk or milk oroducts 
3. An essentially pure Milk Growth Factor according to claim 1 



Amino Acid Aclda/Mole 



ASP + ASN 

GLU + GLN 

SER 

THR 

GLY 

ALA 

ARG 

PRO 

VAL 

MET 

ILE 

LEU 

TRP 

PHE 

CYS 

LYS 

HIS 

TYR 



i-,. .MW4.* 0 <*mino acia per mol pept 
residues per mol peptide] 

and the following N-terminal amino acid sequence 



a) 


b) 


21.10 


20 


24*68 


24 


19.00 


18 


10.02 


10 


10.62 


10 


14.64 


14 


9.50 


10 


12.92 


12 


10.68 


10 


0.16 


2 


11.04 


10 


22.40 


22 


not determined 




7.78 


8 


11.16 


12 


16.14 


16 


5.84 


6 


13.38 


14 


de; b): rounded 


to give amino acid 



Ala-Le«-A,p-Ala4la-Tyr-Cy 8 -Ph e .Arg-A,n-Val-Gl„-Asp-Asn- C ;s-Cys-XW. 



1 3 



-X»«-Pro, 



wherein X" and X 18 are undetermined amino acids, or a salt thereof. 

5. An acid addition salt of a Milk Growth Factor according to claim 1 . 

6. The acetate of a Milk Growth Factor according to claim 1. 

7 A combination of MGF and any polypeptide, which exerts an agonistic effect by binding to EGF receptor 
^y eCu3a?anr nte b ' naUOn " ** 7 ' COm ^ ° M » k G ™» ^-AJZ^SZ 

9. A process for the preparation of a Milk Growth Factor (MGF) or a salt thereof, characterised in that mgf 

10. Process according to claim 9. characterised in that MGF is recovered from fresh cow's milk. 



23 



"Pacte2l.of 33 



EP 0 313 515 B1 

11. Process according to claim 9 characterised in that MGF Is recovered from dried skimmed coWs milk 
^Process according to claim 9. characterised In that the source of the MGF is subjected to one or more 
chromatographic methods^ cnaracterised in that tne source of the MGF is subjected to cation 

exchange ^ZZgS*. hydrophobic interaction chromatography, size exc.us.on chromatography, and/or. 

TT^CIS^ - effective amount of a Milk Growth Factor according to 
claim 1 or a pharmaceutically acceptable salt thereof in dosage unit form. . 
15 A pharmaceutical composition comprising an effective amount of a comb.nat.on of MGF and any 

J?! A 2SS£X^^ amount of a Mi.k Grcwth Factor according to claim 1 

° r 8 i8 lt A h food >f comoosition comprising a growth promoting amount of MGF or a salt thereof . 

1 9. 1 X^TmlTum^ comprising a growth promoting stimulating amount of a MGF accord.ng to c.a,m 

1 " 2 Y A meZ!" of stimulating cell growth in vitro in a medium comprising adding to said medium a growth 
p aration "nJrSSg fn eSective amount of MGF or a pharmaceutically acceptable sa.t thereof .n dosage un.t 

f ™ fU seofMGF^p = ^ 
washcom^ng^^ 

comprising an effective amount of MGF or a cosmetically acceptable salt thereof. 

Patentanspruche 

30 1 Milch-Wachstomsfakt^^ 

aus Mile! ^^er Milchprodukten! mit e.nem Moiekuiargewicht von etwa 26 kd. wie durch SDS-PAGE besbmmt. 

in Milch find en, die niedrigeres Oder hSheres Moiekuiargewicht und einen anderen pi haben. Oder ein Satz 



10 



15 



20 



35 



40 



davon. 



3 Im wesentiichen reiner M ilch-Wachstumsf aktor nach Anspruch 1 . 

I ^^^s^^or nach Anspruch 1, erhatlich aus boviner Milch in seiner im wesentiichen gere- 
nigten Form mit der folgenden Aminosaure-Zusammentsetzung 



45 



50 



55 



24 



EP 0 313 515 B1 



Amlnosaure 


Amin osauren/M ol 






at 


b) 


ASP + ASN 


1 1 ,10 


20 


GLU + GLN 


24,68 


24 


SER 


■i Q rw-\ 

iy,uu 


18 


THR 


10,02 


10 


GLY 


1 0,62 


10 


ALA 


14,64 


14 


ARG 


Q CA 
9,DU 


10 


PRO 


i O no 


12 


VAL 


10, bo 


10 


MET 


U, ID 


2 


ILE 


11,04 


10 


LEU 


22,40 


22 


TRP 


nicht bestimmt 




PHE 


7,78 


8 


CYS 


11,16 


12 


LYS 


16,14 


16 


HIS 


. 5,84 


6 


TYR 


13,38 


14 


[a): Mole Amlnosaure pro Mol Peptfd; b): gerundet, urn Amlnosaurereste pro Mol 



und derfolgenden N-termlnalen Aminosauresequenz 

< 5 10 " 15 19 

Ala-Leu-Asp-A)a-Ala-Tyr-Cys-Phe-Arfl-Asn-Var-Gln-Asp-Asn-Cys-Cys-X<7_x1 8_ Pf0i 

worin X" und X 1 * unbestlmmte Aminosauren sind, Oder ein Salz davon. 

5. Saureadditfonssalz eines Milch-Wachstumsfaktors nach Anspruch 1. 

6. Acetat eines Milch-Wachstumsfaktore nach Anspruch 1. 

tor ausObt b,natl ° n V °" ^ *"* e '" em Polypeptk1, das a 9 onfe «feche Wirkung durch Bindung an EGF-Rezep- 

.,„ J^kT^' 3 ^ 6 '^ mbinatlon nach Anspruch 7, umfassend einen Milch-Wachstumsfaktor und EGF in 
ungefahraqulmolaren Mengen. 

9. Verfahren zur Herstellung eines Milch-Wachshjmsfaktors (MGF) Oder eines Salzes davon dadurch 
9 ^!? n ^^ hn ^ d8R MGF aUS M " Ch odere "' em Milchprodukt. worin er enthalten 1st. gewonnen wWund feS 
erforderi.cn. ein erhaltiicher freler MGF In e.n Salz transformer, wird Oder e.n erhSltLes Salztden VZ 

\ ?' w e ^ re " naC *l ^P™ 0 * 1 9 ' dadureh gekennzeichnet. datt MGF aus frlscher Kuhmilch gewonnen wird 
Kuh^XZSrd P " dadUrch 9ekenn2eichnet ' daB MGF ™ Trockenmagermflchpuiver aus 

.* l 2 "^ 9 ^ 1 Anspmch 9 ' dadurch gekennzeichnet, daB die Quelle fur den MGF einer Oder mehr 
chromatographischen Methoden unterworfen wird. 

13. Verfahren nach Anspruch 9. dadurch gekennzeichnet. daB die Quelle des MGF Kationenaustausch- 
Chromatographie hydrophober Wechselwlrkungs^hromatographle. Grofienausschlua-Chromatographie 
und/oder. falls notwendlg, weiteren Relnigungsprozessen unterworfen wird. ^ P 

14. Pharmazeutische Zubereitung. umfassend eine wirksame Menge eines Milch-Wachstumsfaktors nach 

25 
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to 



f5 



20 



25 



Ansoruch 1 Oder elnes pharmazeutisch annehmbaren Salzes davon In Dosierungseinheitsform 

IS^haZzeutteche Zusammensetzung. umfassend a.ne wirksame Menge einer Komb.nabon von MGF 

und einern Polypeptid, das agonistische Wirkung durch Bindung an EGF-Rezeptoren ausubt 

1 Tpharmazeutische Zubereitung nach Anspruch 15. die elne Zahnpaste oder ein M«ndwasse^ l st 

17 K^metoche Zusammensetzung. umfassend eine wirksame Menge eines M.lch-Wachstumsfaktors 

MS ?nellwachstumsmedium. umfassend eine wachstumsffirdernde stimullerende Menge eines MGF nach 
^Jelfa^ Ze.lwachstums in vitro in e.nem Medium, umfassend Zusefcen zu dem 

phar^azel^^^^^ umfassend eine wirksame Menge an MGF oder eines ph-n.MUtaotann.hm. 

^e^ 

Zahnp^stnder e"nes Mundwassers umfassend eine wirksame Menge MGF oder eines pharmazeubsch 

metische^sa^miretzung umfassend e.newUksame Menge MGF oder eines kosmetisch annehmbaren 
Salzes davon. 

Revendlcations 

1 Un Facteur de Croissance du Lait (MGF) sous une forme enriohie de 10* a plus de 10' fois obtenu ft 
par* du W 9 oTde pmdu^ers. ayantL poids mo.ecu.alre d'environ 2« > kc .selon une determination par 
Qn^PAGE e tunDolntisoelectriquecomprisentrepl9.0et10.5.ouunseldece^cl. 

Tin Fa^uTSe C^saS Lait selon la Revendication 1 . au premier chef debarrasse de 
facteur de c^ncf^on trouve dans le «ait qu. ont un poktsmo.ecu.alre superieur ou Infeneur et un p. dif- 

ferent, ou un sel de celui-ci. ^ M ^ n + 

3 Un Facteur de Croissance du Lait essentiellement pur seion la revendication 1 . _ . 

4. Un Factor de Croissance du Lait selon la revendication 1 derive de lait bovin sous sa forme essentiel- 
lement purifiee ayant la composition en acides amines suivante 
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Acide Amine Acides Amines/Mole 



ft 






b) 




ASP + ASN 


2 1,10 


20 


10 


GLU + GLN 


O A (L Q 

^4,58 


24 




SER 




1 8 




THR 




1 0 


15 


GLY 


1 0,62 


10 


ALA 


1 4,64 


14 




ARG 


9,50 


10 




PRO 




1 2 


20 


VAL 


(A £Q 


1 0 




MET 


n i a 
u, 1 o 


2 




ILE 


1 1 ,04 


10 


25 


LEU 


22,40 


22 




TRP 


non determine 






PHE 


7,78 


8 


30 


CYS 


11,16 


12 




LYS 


16,14 


16 




HIS 


5,84 


6 




TYR 


13,38 


14 



fa) : moles d'acide amine par mole du peptide ; b) : arrondi pour 
donner des residus amlnoacides par mole de peptide] 

et la sequence d'acides amines N-terminale suivante 

1 5 10 

^ Ala-Leu-Asp-Ala-Ala-Tyr-Cys-Phe-Arg-Asn-Val-Gln-Asp-Asn- 
15 l9 

Cys-Cys-Xl7-xl8- Pro< 



so dans laquelle X" et X« sont des acides amines indetermines, ou un sel de celui -ci. 

5. Un sel d'addition d'acide d'un Facteur de Croissance du Lait selon la revendication 1. 

6. L'acetate d'un Facteur de Croissance du Lait selon la revendication 1. 

7 Une combinaison de MGF et de tout polypeptide, qui exerce un effet agonists en se liant aux recepteurs 
de I EGF. 



8. Une combinaison synergique selon ia revendication 7. comprenant un Facteur de Croissance du Lait et 
de I'EGF dans des quantites approximativement equimolaires. 

9. Un precede pour la preparation d'un Facteur de Croissance du Lait (MGF) ou d'un sel de celui-ci carac- 
tense en ce qu'on recupere le MGF a partir du lait ou de tout produit laitier le contenant et si necessaire en 
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transformant un MGF libre disponible en un sel.ou un sel disponible en MGF libre. 

TuE precede selon la revindication 9, caracterise en ce qu'on recupere le MGF a part,r de lait de vache 

fr3,8 1 1 . Un precede selon la revendication 9, caracterise en ce qu'on recupere le MGF a partir de lait de vache 

Z 7£lt£on la revendication 9. caracterise en ce que la source de MGF est soumise a une ou 
plus mdthodes chromatographiques. 

13 Un procede salon la revendication 9. caracterise en ce que la source de MGF est eoum.se h une chro- 
matographic d'echange cationique. une chromatogrephie d'interaction hydrophobe, une chromatography 
d'exclusion sterique. et/ou, si necessaire, a des precedes de purification supplementa.res. 

14 Une preparation pharmaceutique comprenant une quantite efficace d'un Facteur de Cro.ssance du La,t 
selon la revendication 1 ou un sel phamiaceutiquement acceptable de ce dernier sous une forme de dosage 

"""U une preparation phaimaceutique comprenant une quantite efficace de MGF ettout polypeptide, qui 
f5 exerceuneffetagonisteenseliantauxrecepteursdel'EGF. 

16. Une preparation pharmaceutique selon la revendication 15 qui est une pate dentifnce ou un bam de 

^iTune composition cosmetique comprenant une quantite efficace d'un Facteur de Croissance du Lait 
selon la revendication 1 ou un sel de celui-ci. . 

18. Une composition alimentaire comprenant une quantite promotrice de la croesance de MGF ou d un 

861 Vglun milieu de croissance cellulaire comprenant une quantite stimulatrice de la promotion de la crois- 
sance d'un MGF selon la revendication 1 ou d'un sel de celui-ci. 

20. Une m6thode de stimulation de la croissance celluleire in vitro dans un milieu comprenant d ajouterau 
dit milieu une quantite stimulatrice de la croissance d'un MGF eelon la revendication 1 ou d un sel de ^celu,-CL 

21 L'utilisation du MGF ou d'un sel pharmaceutiquement acceptable de celuw. pour la preparation d une 
composition pharmaceutique comprenant une dose efficace de MGF ou d'un sel pharreaceufquement accep- 
table de ce dernier sous une forme de dosage unitaire. 

22 L'utilisation du MGF ou d'un sel pharmaceutiquement acceptable de celunci pour la preparation d une 
pate dentifrice ou d'un bain de bouche comprenant une dose efficace de MGF ou d'un sel pharmaceubquement 
acceptable de ce dernier sous une forme de dosage unitaire. ^ 

23 Utilisation du MGF ou d'un sel cosmetiquement acceptable de celui-ci pour la pr6parabon d une 
composition cosmetique comprenant une dose efficace de MGF ou d'un sel cosmetiquement acceptable de 
ce dernier. 



35 



40 



45 



50 



55 



28 



.!. .^J.^^ Pag© 29 of 3 



EP0 313 515 B1 




29 



WQ313S1S mtto-7A^ . 0 ^th aaa tent.oomfl. ^iO ^/$ exam .sup portffetch^P000313S1S.cpc?fomCach^ 1, 



pa^^mai ntoolbar= bottom].. 



Pag6 3Qof 33 



EP 0 313 515 B1 




30 



J^?«HH^i.yj.„5r_^U p age 3-, pf 3 



EP 0 313 515 B1 




Fraction Number 
Fig. 3 
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Fraction Number 
Fig. 4 
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Fraction Number 



Fig. 5 
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